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Abstract (Basic) : EP 935296 A2 

NOVELTY - A thin zinc oxide film is Electro-deposited on a 
conductive substrate using a film deposition-preventing electrode to 
prevent film deposition on the substrate back surface. 

DETAILED DESCRIPTION - A thin film of zinc oxide is 
Electro-deposited on a conductive substrate by including a film 
deposition-preventing electrode positioned in the aqueous electrolyte 
to prevent film deposition on the back surface of the substrate. 
Current is supplied such that the potentials of the deposition 
preventing electrode (PI), the substrate (P2) and the counter electrode 
(P3) satisfy the relationship: P3at leastP2at leastPl or P3at mostP2at 
mostP3 . 

USE - In manufacture of zinc oxide reflective layers for 
photovoltaic solar cell elements. 

ADVANTAGE - A low cost, mass production method provides a highly 
adherent zinc oxide coating with little or no backside coating. 

DESCRIPTION OF DRAWING (S) - The drawing shows apparatus for forming 
the thin oxide film 
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2D [0052] (gtfcffU ) *WtW^4H2 

&m*:mux®ttM®mmBtfLUz. mcomm2o 

3fcLT(i. JfSO. 1 2mm, *§50mm, ft§50 
mmCOXf-yUXA 3 OBA^IC, m%2 0 0 0AXA 
•y^Lfet>W2rfflV\ jEMiO«S2 04 fc LT*i, 
1mm, |50mm, R£ 5 0mmCD4 -N£9SSfi«£ 
ttfflLfc. *tWBfflW*fl»jt«a!2 1 4fc LT, J?3 
1. Omm, |§4 Omm, ^$4 0 mm«0X-fVWX 3 
0 4«*fflV>*. *^2 0 3, ^152 14P^g|(i3 0 
mmfcLTt. 7Kj§S2 0 2i±, 8 5*C. 0. 2mol/ 

30 i offlgm&mmt uc . «s«, nn^m® 203 

2-7-Xfctt, ]Ero<7)IESs2 0 4fcfifflIcO«®2 0 3 
b<DfflZ3. OmA/cm 2 (0. 3A/dm 2 : 7 5 

mA) , mzmmnm±^M2 : At\ 
ttc&io. %.mcr>n& 20 3 fc mmti%m±%& 2 

14fc«0@t:-0. 1 mA/cm 2 (-0. OlA/d 
m 2 :-l. 6mA) Sr»SL, WWfffifcfPSr^fc. 
[ 0 0 5 3 ] Jiff 2 0 3(C»fenfcStfl^Jt««)»« 

Bffit <t 0 ff£ ( 3 c m x 3 c m»l 
H) . «=. SEM«*(B.ftffff»fS-4 5 0 0) t 
40 J: 0 , m&,tfL£<7)'m 1 0 mm x 1 0 m m<r>H8BX'$lit 

fc. ifc^jfiUutryr/i'taiffr fc £*f o warn 

MSrftofc,, *<rM%£&2l,Z7jk-f. 
[0 0 54] (9dl0|5) *jgfcfcLT, 8 5'C, 0. 
2mo 1/1 ffifc If ••/ ^ d - X * 1 2 g 

/ 1 »LfcW(i^SSCT4 fcH«Mc«Wffaj*lTr> 
fc. 

[ 0 0 5 5 ] flff 2 O 3fcf*&ftfc»fla^«tt>>IWr 
«*^»SrBffUJ: OSS^Lfc ( 3 c mx 3 c m«9*g 
IS). 56^ SEMffft (B3ilSf1 2 J?TS-4 5 00) fc 

50 ± 9 , m&mm 10mmxi0n ^m&x-^i 
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«$rffo^. *<nm& :1121c*-*-. 

[0056] (%m ■ > mmtix. 8 5-c. o. 

2 rn o 1/1 OfflfSE }*»fcfc-f #A h 'J y£0 . 1 

i o o 5 7 1 jis 2 o ; iz'&itizmtwm®<om 
f$Mom mizx *y mit: ( 3 c m x 3 c moe 
tffl) . set, s e Mil s ( s 4 5 0 0 ) iz 

X *) . 0 m rn X 1 0 in niOtSHYR* 10 

tz. **zmit:-t> 'frtmizkizmmfMim 

[00 58] mjm ') &®<>>W8i2 0 3kLX. M 
$0. 12mm.ili5 Unm. ^ 5 0 mmCDX^yU 
X430BA«(C, m :2000AXA->x^U. 
ZnOSrlOOOAl, : faa*JBv vrda*ti£fl0l4 t 

[ 0 0 5 9 ] ft® 2 0 ! t» A,<xfciHk!i»» RttAtt 
*ft^a«:B«K«t'3: (JtLfc (3cmX3cm(OI 
88) . SEMR ? (BAKfWrS-4 5 00) 20 
<fc 0 s 0 mm X 1 0 m mcomx&t 

fc. ifcfftSLfc** ^S:^rfcfcSr9lfttfSll*K 

[0060] -«r*>^ h D V vtin-Xff) 

aamcko, vmzmthttuz. m 
itzm-imzwmzn . - 1 s . 

[00 6 1] (mum i) *ME*WTti, $fctfB2fc* 30 

S203i:LT{J, i? ; 0. 12mm, (S50mm, S 
?50mmWf>'l' ;4 3 0BAl£(C. gf£20 0 0 
kXrtv? Itz i><?)£. jvtf:, ]E»tfMS204i: IX 
ti. If § 1 mm. H 5 'mm. 5 0 mm<7)4 - N<?) 
EMtemitz. K> :SEKf=J-f R&±mffi2 1 4 1 L 
0mmJi40ram,ft$40ramtf)Xf 
>lsX3 0 4mm^: :. 3S«2 0 3. «ffi2 14lSDi 
W43 0mmi:Lfc. :®?R2 0 2 1 L'Cii. 8 0"C. 

o . 2 m o i/i «ii mstimtz?** hvya. 40 

1 </i*jfiiDtfcfc< *zm^tz. wt, nm<^m 

2 0 3 t L 'C iEHOTO 2 0 4 t ftflgomS 
203i<0fiHC4. 0 iA/oin 2 (0. 4A/dm 

2 : 1 0 0mA ) , Jgi tJGBJKWWSjhmffi 2 1 4rt*. 

x*)-m&k%&xo nmw%®20 3 ksmj&m 

l^it«S214i«0fSi :-0. 8mA/cm 2 (-0. 
08A/dm* :-l . 8mA) £ii*U ttWrffi 
5:1=1=5: ->^. 

[0062] JJLhOJ: £LTiHl2S»fMfc#*Lfc 
&«UlIC. 4^Sf*H £ .TCVDSfcJ:»). n£#Aft 50 
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^'jny(a-si)$-200A, jyv-r ( i$) 

#misW> (a-S i ) £2 00 OA. pgfltttA 
>-U3>- (juc-Si ) *14 0AOJB(CJt«U:. $ 
hliZWIMWMWKam? I TO 5: 6 5 0 A««U 

LXtmotifm (ItH) fcl, 
kHz. 

[0063] 7-7-^^51/-?- (AM l . 5. 1 
0 0 rn W/ c m 2 . mffiim 2 5 *C ) SrffiV C 

osffK*tLiP5aw»t trHHKtt (?ajss 5°cs« 

8 5%<0SR«Tfcl 0 o otiiHME) £tfv^ 

[0 064] ( it$#i 2 ) mm®ttm±i&m2 1 4 

[006 5] y-5—>i;l/-^- (AM 1. 5. 1 
0 0mW/cm 2 . ^ffi?SJS2 5*C) SrfflV^TCO^ 

oa»«»«K. msmmtmfcuz.. $^>t. ^ 

WJR^titLUBliafck LTH HWH (jflJS8 5'C^S 

8 sxwawrFfc i o o oB^gjKS) 
mcvgiwzMfeUz. vxtmmmizK?. 
[0066] (mmm9) ftH£om20 3ttr. m 

tSQ. 1 2mm. i|S50mm. ^ 5 0 mmCOX'ryU 
X4 30BAfctC TVPS-^A^OOOAXA"/? 

l. ZMzznozioookitzi><7)imux&ttm 

[0067] y-^-yaSI/-^- (AM 1 . 5. 1. 
0 0mW/cm 2 . £ffli&K25'C) tffl^ri^SfiF 

<0*FlCit LJBBWKt LTHHKSi (?SS8 5°CMm 
8 5 XwKWTt: 10 0 0 $fS!ft§ ) Sr^rVK 
SMs^)*ft«*WgL/S. &±*>&m$k4lZ7iit. 

[0068] (it%M3) %m%mm±%®2 1 4 S- 

[0069] y-5-^^5l/-^-- (AMI. 5. 1 
0 0mW/cm 2 . ^ffi?aS2 5"C) 

nm^lztt IMiSMM. kLTHHWK(a«85 °CS« 
8 5XOHHITtl 0 0 O^OScl) SrtfU. 

mnftm&mfcitz. txtmrn^A iz*-?. 
[oo7o] mmmAxwxrnc-kwmth, r 

zmLLtzWRtm^hzkizx o , ttn^«ts«ane 

iS v ^3K»t* I z k #T § £ . 

[007 1 ] (^SfcWl 0 ) o-;^SUS4 30B 
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fflVBb LTr /(.-$-•: >A2 000Aitf8U ^<?)±tw 
Bltt*) n-A-tttttf) D ; * h a >xn 7 X 
"J 1 0 0 0 Atf>BtffcS «MI**MlLfc3a«lra-^4 
0 3±C H4iC77<f 3-;t/ • -y- • n->l3IE£ fflu 

[00 7 2] Sftfta -;U4 0 3(ii*OajLv3-7-4 

o i *'^«»iio-7- 104. mft&mm®4 1 1 
at**afli4 1 4«8 :**woo-9-4 o 2£** 
R^>ii& . HNQEIftl M&4 o 7 li, * l y ? wh* io 

tcffl&sB'o • 6**1 7 ) g , r^X M) >- 0 . 5 g Jr-g- 

f84 0 70)ffll i8 STWi&KfcfiWsfVCiJ ") , 
pH«i4. 0-6. 0 J§4 0 7+tC(±W 

( &j^@4 lOt LT^ UfcH 120m 

m. *S 1 5 0 0 mm 0»B«QUmJiN«Hr±«S 
(^r>l/X304ffi (Si 3 0mm. ^$5 Omm) 
4 0 8#f&tt*>frCO i. |»ticC^S»*n- 
/l- (ill 20mm, ?g ^§3000mm) 4 03£7* 
-xfc LT. jE(IJ^« Ifc&SttF&flMM 1 0 fcftilZ) 20 
tEl£4 0 3fc«?)|B|^5 0mA/ cm 2 (0. 5A/d 
m* :9 00 0mA) ££aCffiffitt*ffiiktt£4 0 8 

«) 4 0 3 iW(i ffi&jh«S4 0 8 fcwffl («fi4 

0 3. 1ffi4 0 8^86 12 0 mm) fc-0. 8mA/c 
m* (--0. 08A/im> : ~ 5 2m A) £ji1SU 
flMWfajfcfrfc-?*:. 1^. XiHRft«R!f±1S&4 0 
8*»HWM4 1 Oi )tt»tc»»t4ikteJ:'), 1 
®ffi?g Zii'HzX'Z , ^tt^Wifcro** 5 6 . 

044". 4 0 9. 4 1 Hitm. 4 1 3{±*tJfc?§ t 4 1 30 
5l4*afe^*«7-, 4 . 6iiS8i;F, 4 1 7ii#«b 
-ry'-T'fcS, 

[00 7 3]K#J*a K3 0A./sect*l £tt 
*o-/i 4 0 3<0gffl :KMt3BlfflH«**»H|-r4C ifr 

[0074] untax HziTmtm%mmmtiiit: 

3ffi#\?-H'4 o 3± :, K uriM»ft«imWMi*n 

§SS®€:34 0 ! CtaD fet. 4 0 0W(?)RFK7-5:fS 
A n SUMS- AM L RCy?^i: y >l-v > fc * S&o 
Hfe#*&m\\ ££ 1**4 5 OX* LTv4?a& 
/•^-fctSAUC iM i£JBi£U JE(c££21K&2 5 
OX* LT, H7 -/ft ^DVtv7>t7K«tf0ig^'X 

si^tpsism i nmtiti. 

x i mmizmh^ -t yfr~?ywM&itzm*?i. 

mWn^MtzX. S F /pi nISMU HfcR«0 

1 nH*»*t,fc. £ >». d-^/<7^1C 50 
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TITO *a9J9tttff i: LTttflW: U>fc . L#>6 O 

[0073] V-7-i.-.x = k-?- (AMI. 5. 1 
OOmW/cm* , 8ffii»K2 5X:3 fefflWC-aS? 

mzmmzmuz, zuz. z 

m^zn LWLWk bLXHH ( ?flt£ 8 3 TCSW 
8 5%cO^T<OS*iai!ffiH 1 0 0 OB^BJSA) 

[00761 n-;|,*fjBW3m»f(t««8?Bat«a 
1 0 0 mjHRceOg&N G ( mtf 
gm&£<0±3mmX\sZZklZ£Z>imW±) ItO® 

[0077] ( jtwi4 ) mmmmitmmi 08* 

re, 

[0 0 78] y-?-i/*$l/-?- ( AM 1 . 5. 1 
OOmW/cm* . *ffi?SJS2 5*C) SrfflV>Td(0*i 1 

m^zMimmmt lthhwk (tags 

8 5%^*rF«^aWttWBIfc 1 0 0 0S»A) Srff 

[00793 n-;^)6(rmi$^ fi g^Sat.' r iS 

OOm^tfOiKMNG 
^Hfl J: 9 ± 3 m mXU h Z t tz X &#*ffcih ) « 1 8 

[0080] mm\ i i ) a->imz%fc$nt:XT 
yvxA 3 o b h<mn.*3&mk txmm 
wc»^< rnmmrn s k^-t. a« 5 o uta *> a u 

5 0 3 $r 1 0 if. t . M f ) d - y - 5 0 2 C 

5 o 2(r)Uz\t. mm 5 0 6, *%tt 508, mm 

5 10, *gfe«5 12, ±WMBim5 1 4 , 

1 8 . rS*«f5 2 0 , igfbSi&Jf jgfftf 5 2 3 , *8t» 

5 2 9, ««W»5 3 1 iWiJJdR{tfe*lT^* . -g-ixeh. 

-/l/-ri)^«>cOD-7-5 0 4*<IS(t^tlTV^^. 
Wxn-)V5 0 3i07 - a-b^Xh'- KJ.12 0 0 c m/m i 
n fc Ifc. Sft*D-;l-5 0 3fc«b&»sa*Ji5 Ok g 

[0081] ^^>f ivxmmixt-jLm^-iv 5 0 

0 5li, * 1 'J y h^4»t«K6 Os'J'J -y h^fcJlK 
( 3 7%S^bKm (J3iTH«) ) 7 0 = >J U y h/P?r* 

^*5*8fflrc*s. ?§5 0 5<o8utttaak-r*. 

L/j>Si0*.S^n-;l- 5 0 3I±^jSd-7 - 5 0 4$: 
ST, yK^c«5 0 8fc«aS-h., *i5fef§5 0 92W^*Bfe 
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[0082] »:tcif# 0 3H. ftftSn--?- 

5 04fc*ST. Kttfi* '1115 1 Ofc»aSfi&. fttiffiS 
5 1 Hi. 7-y»(4 (WTH«) ) 

3. »Rl«r»&U: >«0T*S. £5 1 KOfflWiSS 
i!i tt & . KWK«K» Wwfefttt 3 0 8 |SI8?>*tfc« 

5 1 2tc»aisni.. asoAMBBftfts 1 5*<r 

A *) 'Jtt?Jb4*»*> . ::W*IW7-507I1S 

[00 83] <XCi» sa-/l/5 0 3tf«Bn-7-5 

0 4**?T. 6KJRJg 98 5 1 4 £185***1, 

wftwaatefi*. 4k wmmss 1 5<i*i y«/ 
Ty*ar*6$yy -h/MJtflto. 88) . ffiSfe* 

'J 1 0 g^4>4r& $5 1 5«0iMBi5 0"C~6 0 
VXmmth. PlUt l. 2-8. 8^«SfflKA&J:5 
let*. RME i) 5 1 6f3iM&*Ji)VTO5 

1 7timtl. *5S ttCTJ43d**o-;P5 0 3*«« 

iwttifcsn-c^iw :-. R§@5 1 6 

HM/eWBJSfclHWt >. *W-Ctt«a»K3A/dm 

2 fcl,fc. 2*:. Jf$. uSKIl 6 0 A," sect!, 1 ), 

AMswis^rim ?n^*»i«oJBJ?tt4 o o oa 
8 xr*at§nfca . * rfto-yi 503 msao- 7- 

5 0 4 £gt*6*£ t 5 2 2 1'8 0*C(CiD«iL^ 
ffl*f&5 2 1 i*« 5 2 OTUD&$ft£<0*>, 

ffi^n- 7 -5 0 4$- it, mmmmm523iz 
m*zh&. mum® Wf&®5 24(i, *i y * 

+tWM3Effl • 6#* . 0 g , r** h 'J ^0 . 1 si 

^<&. «a»i8 5 , Ci?) uetfiw:ixr*5 0, pmi4. 

0-6. 4CS»Sh >. $5 2 43UC*±Wffl«tt5 2 
8fc LX9>tBB&'<y- WLfcKl 2 0mrn, £S 1 5 
0 0m m<7>ffiffi«&tfi 1 1 3 0 mm. US 4 0 mmOX 
f^x3 0 4tt*>&: :£«ffiKtt*R&ihmffi5 2 5tf 

2 0mm, }frf£$3 lOOmm) 50 3*7-*fct 
T,«8527fcJ:'3. ":H<0*fft€H 5 2 8 1 HflOtt 
ffi5 0 3tOratC5. imA/cm 2 (0. 5 A/dm 
2 :9000mA). !(=XBRff«i»jh«fi 525 

i*}-*<ak*6 :3. «*5 2 6fcJ:»)AH*>* 
®5 0 3 fcKiiifltfttn Jjfc«ffi5 2 5 fcOffl (WS5 0 
3. «S5 2 5(SJSBSt i5mm) fc-0. -8m A/cm 
2 ( -0. 08A/d i ! : -4 1. 6mA) 

[00 8 5] JRBlta. 3i5 0A/secTftO. 
<*o-;t, 5 0 3 <t>SB :HMk3BI»RR*«flfflW-* - 1 * 
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< . m 1 . 5 $ * o y«BMHE«MI»6W«S*ifc. 

[0086] *ott*«H5 o 8 1 mm<7>Mm5 2 9 
0 4Hst. «awF53i(=a4>n*. 92^53 ki 

^H^iS®yX^i:#^b-^-5 3 2 £*TLT*J 
11 8 0 x:fcM» I , ffffllb - * HI 2 0 0 *C(C$W L 

fc. 

[0087] a t: LT«H*X8**8*:3d**o- 
10 ;!/ 5 0 3 td . SJ** 1 0 1 JitcAJWH 1 0 2 WIH 
IS® 1 0 3 SrJfM Lfc t<0 ( E9 1 #M ) t LT«* JR f) 

[ 0 0 8 8 ] jSS. ^JSJi^tf 5 14. BHfc3E»J»eifi 
«5 2 3{i2SRl«*fcL, ifcV^t,, ^'7Xmffi5r 
fflk ^aUEMIEfr rtSS IK p Htf-KT p H , B 

SrUDL. K^Simtf5 2 3Ttljil^^Sr5SJn 
Lti8cOpH^$i]fait^. 

[0089] nitcox o iz ix±mi&tmM&&mm 
20 £m&ifc3ffifa£i-i\s5 o 3 he, hyr^«Bt<o¥ 
»i«i*o-rt^fa^)cvDSSfte'r»ifitfc. i-r^ 

fcSJ**o -;u 5 0 3 ±tyg* L ^ jfeJM t m fcwm 

& 3 4 0'C CM L, 4 0 0 WCD R F/<7- L T 
n t , y t y Art v b *m<r>m£tf 

a«S*:4 5 OVt LTV'f ^o«A°7- 
f JxALT i SS£^fiKL . SgtS«[fflK^ 2 5 OVb 
IX. Z7 y-fb-Koyt v^yt *&<0?g£;#;*£fflU 
. TpSWfrflflRU Jf>bAp i n®tltz. ®»X iS 
30 itcfeit* y ? > > y;i/v yoateJfcfcJf* L , PI«<7) 
#fl«CT. 5 F^p i timtmiLl,, JEKRW^Wt 
iSW*i'?yfc#**fflVvett«L.Thi'7*p i n| 
5-»«L?t. ccof^. n-.'^JCx/<y^^St:-C IT 
OiiKWWttJit UT*flWrLAfc. U>S<7)*.. IS 

^-x h xim&m*fttfL i. mi t,z* uc x a 

[0090] 7-5— >*5W-?- (AM I . 5. 1 
0 0mW/cm 2 . ^ffi?£^2 5 c C) SrWV^twO*^ 

40 coamanaaiiifc lt h hksj (?^s 5*c?s«8 5 

»<0««TwawafflMltc 1 0 0 0BSBH4A ) ^ffv\ 

[ 0 0 9 1 ] o-^MiG^mMMMmfttai 

BSlffi^figSS-C-0 1 0 0 m)S)S+^)J8iliN G ( 
«MI[J: | 3±3minXl/4CfctJ:*#*#±) iiOEI 

[0 09 2] ^5. «6, ^7i»)mT«OC:t* { ff^ 
50 »!Kg. 3K«ima*. $&(CttflMH&>a*fC%#C 
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